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INFORMATION PROCESSING CAPABILITIES IN PERFORMERS DIFFERING IN
LEVELS OF MOTOR SKILL

INTRODUCTION

In the human behaving systems model developed by
Singer, Gerson, and Ridsdale (Note 1), skilled performance
in complex motor behavior is ‘iewed in part as a reflec-
tion of the efficient operation of cognitive processes
associated with input, central, and output mechanisms.

That is, the various control processes help to determinc

the ultimate quality of overt motor behavior as a result

of the way information is received, managed, and directed “
from internal and external sources. Thus, individual
variations in the operation of sensory, perceptual, memo-

rial, and motor mechanisms contribute to the ultimate

skill level which is evidenced by different persons.

More specifically, the manner in which a learner utilizes
various cognitive processes, in relation to personal
capabilities, is one of the major determinants of individual

differences in the acquisition of skill (Singer § Gerson,

“in press).

[ SO S
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For example, the stages in the processing of infor-
mation do not operate as effectively in beginning learners.
Thus, the perceptual mechanism, responsible for the fil-
tering of appropriate cues into the system while simul-
taneously blocking the irrelevant information is not

1
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very efficient. In contrast, the advanced learner is
able to abstract the commonality among inputs and employ
an effective encoding strategy for recognition of the
information (Singer § Gerson, in press). In addition,
the beginner may be unaware as to how to use the appro-

priate control processes for the transmission of informa-

tion through the various mechanisms of the behaving

system, while the advanced performer knows when and where

to activate certain cognitive processes, and when to

have them operate at a subconscious or what appears to

be an automatic level. The skill level which is demon-

strated by beginners and highly proficient performers

is accountable in part by their differences in using

control processes appropriately to process information.
The model of motor behavior explained elsewhere

(Singer, Gerson, § Ridsdale, Notc 1) and presented in

Figure 1 reflects our current thinking about the rccep-

tion, transmission, and outflow of information. Tables 1

and 2, also prepared in another publication (Singer §

Gerson, Note 2) summarize the kinds of cognitive processes

and functions that may be associated with motor behavior.

Since it is apparent that distinctions in skill level

can be associated with the way such processes function

during lecarning and performance, it would be instructive

to attempt to determine how they differ., More pariiculariy,

L T
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those specific strategies that highly-skilled individuals
use when they undertake psychomotor activities need to

be identified. In turn, this knowledge would be useful
in the design of instructional programs for beginning
learners.

Using the mechanisms proposed in Figure 1 and the
information provided in Tables 1 and 2 as a departure
point, we will summarize the available experimental
and conceptual literature as to the major ways in which
learner-performers can be distinguished. With Figure 1
as a guideline, we will discuss processing differences
between skilled and non-skilled performers as related
to these real or hypothesized mechanisms. Direct research
and indirect evidence will serve as the basis for the
conclusions derived, with verbal learning literature
heavily emphasized due to its more abundant prescnce
than motor learning literature in this area. Anyway,
we feel and have attempted to make the point elsewherc
(Singer, 1978; Singer § Gerson, in press) that there
is much commonality between the processes that operate
in the learning and performing of both verbal and motor
skills,

Sensory Stores

Information from the environment impinges on the

organism and is briefly registered in the sensory stores.

BB i rctin o Wit 2 e o ime s
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7 Table 1
The Conceptual Reiationship of Mechanisms, Potential

Cognitive Processes, amd Functions in Complex Motor Behaviors

o,

Mechanisms . Cognitive Processes Functions
~ and Purposes

1. sensory storage®* receive....cccvvveveaas...briefly hold information
transmit....c.vv000000.....forward it to LTS for
memory contact or dircctly
to perceptual mechanism
2. perceptual mechanism detect...........0¢¢s......Tealize existence of
signal
alert.....cic0iveeesesee...anticipate
selectively attend.........filter =
recognize.......ece0.0.....analyze featurcs
...match (present cues with
stored information)
.make meaning of
information
.forward information to
STS for action

.
-

tmnsmit........,......-.

3. short term storage rehearse and process
(STS) information temporarily....retain information for

immediate use and :

decision making

.retrieve information

from LTS for analysis,

decision making, and

attributions following i

feedback !

.organize (chunk) ;

.make more functional

space available

.provide additional

meaning

.form performance and

goal expectancies

.establish emotional

state

select programs from LTS...transmit programs to
movement gencrator

plan program execution.....determine paramcters
(location, specd,
direction, timing,
amplitude, force, effort)
in which program is
to operate

transmit information.......transfer information

to long term storage

to cstablish lcarning

compare“......llli'll.'I

transform.....'.l.....f‘.

-

appraise situation.......

.

o —
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6.

6

Table 1 (cont.)

Mcchanisms Cognitive Processes Functions

T : and Purposes

long term storage store information

(LTS) permanently................make information avail-

: ' able for future use,

establish pertinence,
aid in anticipation,
expectancies, and
perception

movement gencrator initiate program for

motor behavior.............cue appropriate
musculature to execute
within response
parameters
initiate corollary
discharge.............e....8lert sensory center of
' the brain, anticipate
movement
.execute observable
performance
activate feedback .........provide information
sources for future usage
(comparison, recognition)
by making it available
for long term storage
...provide information to
peripheral organs to
help regulate ongoing
behavior, to adapt
behavior to situational
demands
...provide information to
influence arousal and
attitudinal states

cffectors receive command .........

*Cognitive processes do not directly influence sensory

storage but can affect orientation to stimuli.
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Table 2

Explanations of Potcntial®* Cognitive Activitices

' and Functions in the Performance of Complex Motor Bchaviers
Cognitive Activities Function
1. convert instructional transform sensory informution :
information for movement reprecsentation :
2. analyzc relationships recognize similarities {

between present and past
tasks, situations, and cx-
periences (transfer)

3. vretrieve information facilitate recall and recog-
nition, and interpretations
and decisions

‘ 4. understand task goals form goal-image of intended
] performance
5. select cues .identify most relevant and
minimal cues at any given
time
{ 6. establish personal goals form performance expectancics
E and expectations
4
7. concentrate focus attention, broad or
narrow, depending on task
demands
8. maintain optimal arousal demonstrate conscious control
(motivational) state over emotions wherc necessary
9. analyze nature of task use fixed or adaptive behaviors
as required
10. mentally rehearse prior to strengthen images and potential i
and/or after performance motoric responses
11. adapt to stress use control over cmotions

and environment where appropriate

12. analyzc outcomes of consider costs and payoffs
declisions

e

o

e
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Table 2 (cont.)

Cognitive Process Function
13. make correct response consider amplitude, specd,
decisions location, distance, and
accuracy
14. conserve energy minimize cffort to deter
possible fatiguc to maximize
performance
15. evaluatc ongoing performance monitor, regulate, and
(feedback) when appropriate and adjust performance
possible
16. evaluate the results of ' use in future decisions
performance (fecedback) in similar activities
17. attribute performance influence motivation,
outcomecs objectively cexpectations, and performance :
in subsequent similar ;
activities

vt

*Any of these cognitive processes may be activated,
dcpending on the skill level of the person, the nature of

the activity, and personal intentions.
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If certain characteristics of the information field were
anticipated by the performer, then a preattentive analysis
might be conducted (Neisser, 1967). This analysis would
serve to extract the anticipated features of the sti-
muli from the total display. The internalization of
these features depends on the intensity of the stimuli,
the priority or expectancy for receiving the stimuli, and
the level at which the stimuli are encoded {(Bower, 1975).
Individuals differ with regard to the latter two factors.
For instance, Hunt, Lunneborg, and Lewis (1975)
reported that students with higher verbal ability were
better able to extract more information from a brief
visual display than students with low verbal ability.
Similarly, Sperling (1960) showed that there was a 15%
difference in the amount of available information be-
tween the best performer and the worst performer on an
iconic memory task. Additionally, Moore and Massaro
{1973) found that their best subject correctly identitied
twice as many items as their worst subject in an audi-
tory identification task. Thus, although the research
findings reported here were based on cognitive tasks,
the same results may be expected in the psychomotor arca,
considering that oftentimes no difference exists in
the modality of stimulus reception between cognitive

and motor tashs,  In other words, with the exception of

A R AR RS b Aot AR Hane ke
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proprioceptive information, which is primarily associated
with psychomotor behaviors, visual and/or auditory sig-
nals may be received in both verbal and motor tasks, to
he attended to and responded to accordingly.

The scnsory stores must function adequately for
any informaticn to enter the system without bias; or,
for that matter, merely to enter the system. It appcars
that individuals may differ in the functional utility of
the sensory store in two ways. The duration of the store
may differ and the speed at which preprocessed inputs
contact the LTS may differ, thus leading to a differ-
ence in the pretinence levels assigned by the LTS to
the preprocessed information (cf. Hunt § Lansman, 1975).

Long-Term Storage (LTS)

Long-term st rage contains a knowledge base and
representations that are used to establish pertinence
levels. The stored memory may be contacted indirecctly
by environmcntal cues or directly by internal inputs
such as thoughts (Schneider § Shiffrin, 1977; Shiffrin
4 Schneider, 1977; Thatcher § John, 1977). The latter
process occurs quite rapidly (Hunt § Lansman, 1975) and
can be considered as an important factor in arousing the
system to action, especially in the apparent absence of
environmental stimuli., The necessity to contact know-

ledge in the LTS for behavior to occur leads one to

e g e nrdahetmuh e ee it a2k o ot e et aRh b St st s die
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conclude that this mechanism is a repository for learned
skills (Marteniuk, 1976). Additionally, the stored
information in the LTS serves to provide pertinence
values to information that must bc transmitted to the
perceptual mechanism.

To provide pertinence values to incoming information,
the stored representations must include more than just
potential behaviors. Due to experience in particular
activities, learners develop certain information expec-
tancies that allow them to anticipate stimuli in familiar
or near-familiar situations., Anticipatory behaviors of
highly skilled performers (Lawther, 1977) result from
a more rapid transmission of preprocessed information
to the LTS, which leads to the subsequent formation
of higher pertinence levels to that information. Appro-
priate representations of experiences, stored in the LTS,
result in different information expectancies when high-
skilled performers are compared with those of lesser
ability. Beginners lack experience, and thereby lack
a proper reference system with which they can rccognize
and judge new situations as being similar to prcvious
situations. Thus, less skilled performers are unable to
activate the desired memory representations, due to their
not being present. Consequently, these individuals

process information at a slower rate (Fitts § Posner,

Rhahits U A b L Rt 1
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1968; Hunt, 1978; Hunt § Lansman, 1975).

Speed of information retrieval from the LTS is
a crucial difference between skill levels. With more
experience, more sitautions are encountered and these
tend to be recognized at future dates. Similarities
between stimuli affect memory access time (Posner §
Keele, 1968), and since advanced performers can deter-
mine more situations as similar, and yet make just-
noticcable difference judgments if necessary, they can
activate the proper memory representations to anticipate
future incoming stimuli. Additionally, the differences
in strategy usage between advanced and novice performers
at the time information was originally stored (Love,
1973) leads to variations in LTS access and retrieval
times. Thus, experience is one factor that can be used
to explain differences in LTS functioning, as expericnce
is pruobably the major causal element in the determination
of what information is to be attended to and recognized.

Perceptual Mechanism

Information that is briefly stored in the sensory
registers is transmitted to the LTS as preprocessed
information, where it activates appropriate internal
representations, if indeced they are present. These mem-
ory codes scrve to establish the pertinence value of the

information as it is forwarded to a hypothesized perceptual
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mechanism. The pertinence of a stimulus alerts the
learner to anticipate the ordered arrival of information
into the perceptual mechanism. At this time, the learner

invokes selective attention processes to recognize, iden-

tify, and provide meaning to the most relevant information.

Selective attention processes vary among individuals.

Not only do attention control processes improvec with

age (Chi, 1976), based on the amount of ‘mental cffort"
(Kahneman, 1973) a person is capable of employing, but
skilled performers also possess a better repertoire

of strategies for attention than do unskilled performers
(Lansman, Note 3; Treisman, 1969). A skilled performer
is more capable of choosing the stimuli that convey the
most information while disregarding those stimuli that
are of little import or that serve as noisc to the sys-
tem (Marteniuk, 1976). Contrarily, unskilled performers
tend to concentrate on both relevant and irrelé?ant
stimuli, thereby overloading their channel capacity
(Lawther, 1977). 1In essence, mature non-skilled per-
formers respond similarly to children who behave in an
overinclusive manner with respect to selective attention
processes (Ross, 1976). 1In other words, they take in
more information than is needcd to execute the task
correctly.

Skilled performers do not hehave in an overinelusive

260A L L et s
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mianne v, amd therelore, they allocate less ol their channel
capacity to the task. This leads to an availability of
spare capacity that allows these persons to process more
information and possibly to engage in parallel pro-
cessing (e.g., do two tasks simultaneously, anticipate

and form potential programs as activity is ongoing). This
ability is even more pronounced when the learner becomcs
familiar with the material so that the selective atten-
tion and encoding processes do not demand conscious atten-
tion (Kerr, 1973). 1In contrast, the less-skilled in-
dividual docs not have any spare capacity available and
nust attend to information in a serial manner. Serial
processing is more time consuming than parallel processing
(Schneider § Shiffrin, 1977; Shiffrin § Schneider, 1977;
Sternberg, 1969), and thus, the rapidity with which a
performance can be cnacted is reduced. Adequacy of
performance in terms of other criteria may be diminished
as well.,

Performance dissimilarities between skilled and
unskilled individuals are also due to the ability of the
highly skilled to extract a large amount of information
from a minimal amount of cues in the display, while less-
skilled individuals are limited in the amount of infor-
mation they can transmit (Marteniuk, 1976)., Moreover,

the inequalities can also be attributed to the differential

L s TR g

4
i
]
|

it ate e o



A G AT T YW T Ve

TR DT UTIITA A

T I A Atk A b bbb s P AR S it 2 4

15

use of strategies between the two categories of perfor-
mers. Whiting (1972) has stated that the information
attended to by the skilled performer is probabhly discre-
pant from that attended to by the unskilled person. The
advanced performer focuses on a critical area of the dis-
play and is prepared to perceive particular information
quickly and accurately. Inexperienced performers, on
the other hand, do not usually know what information is
important, nor when to attend to it. They tend to fixate
their attention on one aspect of the display while other
relevant data may be ignored (Marteniuk, 1976; Whiting,
1972).

This apparent ignorance on the part of unskilled
performers is predicated on the fact that they appear
to have little or no expectations as to what information
might be available in the immediate environment. This
is especially true with externally paced tasks, where in-
dividuals have to respond to situational dictates, often-
times occurring in a non-predictable way. Due to their
inexperience, unskilled persons are unable to determine
the constraints that must be placed on the contextual
display so that pertinent information may bhe processed
accurately and efficiently. Advanced performers, however,
are capable of monitoring only the important aspects of

the display duc to their previous experiences in similar

PR |
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situations, their expectations of the information that
should be available, and their anticipation of what
they must do when this information becomes available
(Norman, 1976).

The ability to correctly anticipate the arrival of
input cues speeds up the perceptual process. The dif-
ferential and more effective use of selective attention
strategics (Treisman, 1969) of skilled performers when
compared to novices is probably one explanation of

divergent performances. Skilled individuals are able

to vary attention systematically depending on task demands.

Certain skills, such as driving a car, require a broad
focus of attention, while other tasks, such as hitting
a pitched baseball, demand a narrow focus of attention
(Nideffer, 1976). It is the skilled performer who is
capable of increasing or decreasing the width of at-
tentional range as dictated by the situation. The result
of these advanced strategic selective attention contrel
processes is that only pertinent information is perceived.
As the learner begins to perceive pertinent infor-
mation, another control process is invoked to render the
inputs more meaningful. Recognition, as a cognitive
activity, occurs in the hypothesized perceptual mecha-
nism because a person must have some familiarity with in-

formation if it is to be transmitted deeper into the
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system. Familiarity is based on experience, and highly-
skilled individuals will have had more contact with more
situations than their less-skilled counterparts. As a
result, advanced performers should recognize information
at a greater speed and then respond with greater accuracy.
This, in fact, is what occurs on both verbal (Hunt, 1978)
and motor tasks (Rubin, 1978).

A major problem in the investigation of motor recog-

nition processes is that they are examined via short-term

memory (Newell, 1976; Zelaznik, Shapiro, § Newell, in press).

While Newell and his colleagues have found evidence for
motor recognition memory, they do not consider it as a
perceptual process (Singer § Gerson, in press; Singer et
al., Note 1). Perhaps motor recognition is both a percep-
tual and a short-term memory process, depending on time
delays and situations. If recognition is a perceptual pro-
cess, involving an extended retention interval, then ad-
vanced performers should be superior to beginners duc to
the experience of the former group. If recognition is
mainly a short-term memory process, and the retention in-
terval delay is brief, then no performance differcnces
should occur. Finally, if this process is a combined
perceptual and short-term memory activity, then perfor-
mance differences may or may not occur (cf. Zelaznik et

al,, in press). In any case, rvecogniticn, as a control

T e T Ty, WA T e T e

O




i
¢
\
{
;
k
}
r

PR NPT SN ke it o R 2o A

AR YT T T S TS L G T

18

process, provides meaning to information so that it may
be better organized in the short-term store for rehcarsal.

Short-Term Storage (STS)

Information that was rendered meaningful in the
perceptual mechanism is transmit«nd to the short-term
store. It is in this mechanism that most of the infor-
mation transformations occur., Additionally, most of the
processing differences among individuals can be identified
as occurring in the STS. The performance variability
that may be noted, both between and within individuals,
is often due to the differential use and effectivencss
of strategies for the organization of information (battig,
1975).

When lcarners are of the same developmental stage,
variations in processing abilities have been speculated
not to be due to differences in structural capacity
(Chi, 1976). Rather, these differences occur in the func-
tional utilization of the short-term store; i.e., the
strategies a learner uses to process information. The
divergence in performance that is evidenced betwecen high-
and low-skilled learners is due in part to strategy usage
(Singer § Gerson, in press). Better (adaptable) learners
are more capable of shifting from an old, less efficient
strategy to a new, more appropriate strategy during the

course of skill acquisition (Mondani § Battig, 1973;
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Singer, 1978; Singer § Gerson, Note 1).

This conclusion is in agreement with the one made
by Hunt, Frost, and Lunneborg (1973), who stated that
highly-skilled individuals are more likely to invoke a
unique, or perhaps a modified strategy as new items are

entered into the STS. The improved coding of these
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items at the time of storage enables advanced learners

to evidence superior performances at the time of testing

L R oy

(Love, 1973). This is very similar to the notion that
elaborate or enriched encoding during storage will lead
to better performance at a later date (Craik & Lockhart,
1972; Craik § Tulving, 1975),

The initial phase of information storage occurs in
the STS. Therefore, it can be assumed that strategy
usage will have the greatest effect on this mechanism,
and that any performance differences based on the use

of the short-term store are due to variability in stra-

tegy usage. In support of this, Hunt (Hunt, 1978; Hunt

§& Lansman, 1975) has stated that performance differences

between high- and low-skilled individuals on certain
memory tasks, e.g., digit span, were due to the use of
different strategies. Similarly, Housner § Hoffman
(Note 4) reached the same conclusions using a limb po-
sitioning motor short-term memory task. Consequently,

the ability of a learner to devise and implement appropriate
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strategies for handling information apparently determinces
the level of subsequent performance on both verbal and
motor short-term memory tasks.

Divergent performances between persons of varying
degrees of skill level are due to differences in the im-
plementation of strategies and control processes (Chi,
1976; Singer § Gerson, in press). This result has been
found consistently in memory scanning tasks when high-
and low-verbal performers were compared (Goldberg, Schwartz,
§ Stewart, 1977; Hunt, Lunneborg, & Lewis, 1975). High-
verbal individuals were always superior toc low-verbal
performers in the speed with which they searched the short-
term store. If these speed differences are actuclly
due, in part, to the complexity of the information to
be retrieved (Goldberg et al., 1975; Hunt, 1978), then
differential strategy usage at the time of storage may
be used to explain these results (Sternberg, 1966).
Furthermore, it may be assumed that similar results would
occur in a motor skill situation,

The conclusion is partially supported by the 'encoding
specificity principle" (Tulving § Thomson, 1973), which

states that the retrieval cue must be stored at the time
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of encoding so that recall performance may occur quickly
and accurately. While much support has been found for

this principle in studies of verbal learning, partial
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results of verbal tasks, it has been assumed that the
same conclusions are applicable to motor skills (Singer

§ Gerson, in press). In fact, several researchers (c.g.,
Moody, 1967) have provided evidence that performance
differences between high- and low-skilled individuals

on a motor short-term memory task were due to discrepant

strategy usage.
Housner and Hoffman (Note 4) showed that high-visual
imagers were able to reproduce limb position end locations
better than low-visual imagers. The movement reproduction
superiority was evidenced over retention intervals that
included either an interfering activity or a task re-
hearsal activity (imaging). The consistent results across
all conditions were attributed to differences in the
ability of the two groups to utilize the designated
strategy.

It is clear that strategy usage in the short-term

(R AE

‘ store is a determinant of short-term memory performance,
whether the task is verbal or motoric in nature. The

greater ability of highly-skilled individuals to handle,

NI BT Tt 6?1 et ¢ e et

manipulate, and organize information in this mechanism

leads to a more efficient performance. This is most

S pr—

evident when motor skills are investigated, as performers

must quickly process information and decide on which

movements must be made, in what direction, with what spoed,
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confirmation of the premise has also occurred in motor
lecarning situations (Diewert & Stelmach, 1978; Gentile

& Nacson, 1976), especially when one considers the basic
procedures of a motor short-term memory experiment

(see Stelmach, 1974, for a review). Additionally,

Hunt (1978) has concluded that high-verbal performers
manipulate information better than low-verbal performers
due to the more appropriate use of strategies by the
former group. This reasoning can be extended by attri-
buting greater organizational characteristics to the stra-
tegies of highly-skilled individuals (Gentile § Nacson,
1976) that would enable these persons to encode all the
necessary information at the time of storage. Consequently,
most or all potential retrieval cues would alsc be

stored, and this should lead to superior performance on

a later test.

Other performance differences have also been found
between high- and low-skilled performers on various ver-
bal short-term memory tasks (see Hunt, 1978, for a review).
These differences have almost ubiquitously been attri-
buted to variations in strategy usage, regardless of
the subject population studied (Belmont § Butterfield,
1971; Bower, 1975; Brown, Campione, § Murphy, 1974;
Flavell & Wellman, 1977; Hunt, 1978; Hunt et al., 1973,

1975). Although these conclusions are based on the
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and with what parts of the body. While advanced performer§

are able to move efficiently with a minimum expenditure
of effort, beginners tend to move in a less efficient
manner. After consideration is given to differences in

physical capabilities and mechanical techniques, perfor-

mance differences result from the ability of the highly

skilled to form a base of well-organized information in

AN T i 5 i e B i e

the STS through the use of appropriate rehearsal stra-
tegies and then to select the appropriate motor program.
Before discussing the generation of movement, it
must be pointed out that other activities go on as well
between the STS and LTS. Expectations of success are
dependent on previous successes and failures in similar :
situations (Gerson, Note 5; Weiner, 1974). Level of é
expectation and other motivational factors will bear on
the kind of processing that goes on in STS (Gerson, 1978;
Singer § McCaughan, 1978). Stressors present and individ-
ual reactions to them in the form of nonadaptable or
coping strategies will also affect processing cf{fective-
ness (Nideffer, 1976). In other words, there are many
intangibles that can help to facilitate or impede stra-
tegy selection and execution with regard to processing
control. In turn, strategies are needed to make these
intangibles work on behalf of the person. It would appear

that the highly-skilled performer, in contrast to the lesser skilled,
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uses more effective strategies in controlling and dirccting
cmotions, reacting to stressors, and in general, main-
taining the appropriate arousal level for the task

demands (Singer, 1975). Further, expectations in per-
formance level are reasonably high but realistic.

Movement Generator

The movement generator initiates the performance
commands to the effectors in the form of motor programs
or plans. These programs were selected in the STS on
the basis of decisions made in that mechanism, and then
transmitted to the movement generator to be loaded and
run off. The decision-making or response-selection
process represents differcnces in skill levels in two
ways. The more advanced performers would evidence shorter
latencies in the selection process, and they would also
engage in less error-correcting behavior than their less-
skilled counterparts.

Shorter response-selection latencies are the result
of greater successful experiences with a particular situ-
ation or movement. Extensive practice of a skill often
leads to that action becoming programmed (Schmidt § McCabe,
1976 Shapiro, 1978), as in ballistic movements where
speed is important. A movement under programmed control
can be executed with greater rapidity than a movement

under peripheral control. Peripheral control, which is
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most often evidenced by unskilled - performers, even in ballistic-
type movements, is dependent upon feedback for effective
completion. Since movements under feedback control re-
quire more time to execute than programmed movements
(Keele, 1968), the unskilled performer is unable to
enact a number of responses in a short amount of time.
While this delay in execution may not lead to performance
errors during the initial phase of a motor action, it is
highly probable that later aspects of a movement will
either be error-filled or not performed at all. This
would be due to the unskilled performer being unable to
prepare the system to accept the new incoming stimuli
for which responses must be formulated.

O0f course, a truly programmed (or preprogrammed)
response is not always desirable. It implies a degree
of automaticity, of sub-conscious contreol. A reaction
to the wrong cue, when under central control, cannot be
changed due to conscious intervention until at least .20
to .30 of a second has elapsed (Schmidt, 1975). The
peripheral control of movement suggests a slower move-
ment which is amenable to ongoing modifications and ad-
justments. It might be suggested that the higher-skilled
performer has learned how to adapt, like a thermostat,
to response demands. Sometimes movement will be placed

under central control, other times under peripheral control
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Realizing personal limitations, certain situation=
will elicit movements deliberately under peripheral con-
trol in the highly skilled. Obviously, this discussion
has deliberately been focused on potentially rapidly-made
movements. When movements do not require speed, then both
lower- and higher-skilled performers will rely on peripheral
feedback for information. However, the strategies used
by highly-skilled as to the monitoring of peripheral (c.g.,
proprioceptive) information differ from the lesser-skilled.
In the former case, degree of attention to such information
is focused as there is a need, but in the latter casec,
there probably is more attention given to too much infor-
mation or else to the less pertinent information. Thus,
less-skilled performers would have difficulty successfully
completing tasks that demanded fast and accurate responses.

Responses which must be formulated and enacted with
grcat accuracy and speed necd to be well-learned, and
therefore, come under program control. As the result
of cxtensive practice, the skilled performer establishes
a4 repertoire of programmable movement subroutines and
action plans (Newell, 1978) that can be performed without
much conscious attention (Marteniuk, 1976). These sub-
routines are controlled at a lower level (Gentile, 1972),
and the executive is then capable of attending to other

relevant situational inputs.




IO QT VA P TR VPP T ST AT e WL L

27

Sy b o =

Glencross (1977) substantiated this point by stating

that the higher centers of control operate in a closed- R

loop fashion, utilizing feedback and other information 3
to make comparisons and modifications in the motor pro-

grams. The programs represent a lower-order, open loop

method of c¢ontrol, initiated to carry out movements., Any

activity that goes on for a reasonable period of timc

would probably activate both open loop and closed loop

control from occasion to occasion. Klapp (1978) reaffirms

R Ry S S N

Glencross' position, as he also recognizes the existence ;
of hybrid systems of control in which both programmed :
and feedback control operate. After discussing mechanical
und human systems, he concludes that '"most systems at

‘ some level of analysis must be regarded as hybrid systems”
(Klapp, 1978, p. 231). The skilled performer, then, has
developed adaptive strategies and component skills,

enabling the potential shift to occur in a hybrid control {

system.

In contrast with skilled performers, novice pef—
formers have not received as much practice with a varicty
of movements, or perhaps cven a particular movement.
Therefore, their acticens cannot be under programmed con-

trol. Rather, unskilled performers operate in a closcd-

loop fashion (Adams, 1971, 1976) regardless of task ;

demands, and their higher control centers are occupied
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with attending to the movement. As such, these performers
cannot decide aon the next movement in the sequence until
the current one is completed. Thus, their performances
tend to take an extended period of time, and this results
in more errors occurring in the latter stages of movement
sequences because the necessary response has not even

been selected.

This difficulty can lead to errors in response selec-
tion (Schmidt, 1976), where the wrong response is chosen
because the environment was misperceived. That is not
to say that skilled performers do not commit errors in
responsc selection, also. The difference is that the
advanced performers are better prepared than the novice
to choose the correct response due to greater experience
with the task, more skills, and a greater capability
to use appropriate strategies. However, regardless of
experience, ancther type of performance error can occur,
ditd 4t any skill level. These are errors in response
cexecution, and they result from the musculafure incor-
rectly exacting the movement commands. Once again, duc
to extended practice, highly-skilled individuals will
tend to commit less of these errors than will their
less-skilled counterparts.

The control of both types of errors, selection and

cxecution, involves the integrated functioning of all of
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the mechanisms: sensory storage, the perceptual mechanism,
the LTS, the STS, the movement generator, and the effectors.
Decisions for the selection of responses arc made in the
STS and are sequenced in the appropriate order in the
movement generator. If an incorrect decision is made,
or the programs are sequenced in anything but the proper
order, then a performance error must occur. Similarly,
if the programs are loaded correctly, but the movement
generator incorrectly selects the musculature to perform
the movement, then an error in execution will result.
The difference in performance that is evidenced betwcen
high and low skilled individuals is related to the amount
of program control (Schmidt § McCabe, 1976), and then to
the latency with which either selection or execution
errors can be corrected.
Effectors

The effectors of concern here are the receptors
in the muscles, tendons, and ligaments, associated with
particular limbs, that are responsible for carrying
out the movement commands. If the commands are accurate
and precise, then the effectors simply execute the move-
ment. If the commands are incorrect in any aspect, then
observable performance will be inappropriate. Considering
the two possible crrors that a performer may make, sclec-

tion and execution, the cffectors arc most responsible

P
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for correcting errors in response execution.

The correction of response execution errors by
the effectors can be carried out through reflexive
control within the muscle spindle. Smith (1976) stated
that the gamma fibers within the spindle receive infor-
mation that the sequence of muscular contractions is not
proceeding according to plan. The gamma system, then,
‘reflexively excites or inhibits the appropriate motor-
neuron that controls the extrafusal fibers responsible
for the contraction. In this way, execution errors,
and even the slightest mismatch between input and output,
are corrected and control of the movement may revert
back to the motor program so that movement can be
completed as planned.

The correction of response execution errors would
occur more rapidly in advanced performers than in less-
skilled individuals. The extensive amount of practice
and the continuous adaptation of strategies that is
necessary to achieve a high level of skill must repeatcd-
ly involve the cognitive control processes and the muscles
necessary to perform a movement in an efficient manner.
The gumma system of the advanced performer should be
more highly tuned to detect arnd to correct response exe-
cution errors as compared to the same system in a novice

bocaitse tho cortical centers have planned the movement
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more effectively. Thus, at all levels of skill, there
is a system to ensurc that the movement is being carried

out as planned, and this system is more highly developed

in the advanced performer.

Until now, the discussion on effector control has

centered around the gamma system, a sub-conscious form

of movement regulation. As is obvious, effectors also

transmit proprioceptive information for conscious recog-

nition and control on many occasions. This information

is recycled throughout the system, to be used immediatcly
and/or as an additional input to the knowlcdge rcpre-

scntation base in LTS. Such is the case with visual

feedback or other forms of response-produced information

(Singer et al., Note 1).

If the task or situation is altered due to performance,

input cues change as well. Feedback information can

come from the situation or from within the person (Adams,
1976), but if sources are to be consciously attended to,
they must be processed through the set of subsystems
already explained (cf. Singer et al., Note 1). Stratcgics
for the use of feedback are important, as the advanced
skilled performer seems to learn which feedback to pay
attention to, and when. Once the act is completed, this

information should be stored as a reference basec for

subsequent activity, and beginners need to learn

Ede b

R St N R S
Rehs ek RO, o ey e i

Pt ety Vi b iy,




e+ e

32

o,ganizational strategies to ''catalog' this information
correctly in storage, to be retricved when needed.

During an activity, feedback information may be abundant,
redundant, or relatively absent. Attention to feedback
varies between learners, and the nced to attend to feed-

back varies from task to task.

COGNITIVE PROCESSES AND LEARNER STRATEGIES

Difference in skill level may be attributed to many
factors, but in this paper, the emphasis was on the pro-
cessing of information. Stating it simply, thc higher-
skilled process information more effectively and effici-
ently. They have learned appropriate strategies to enhance
processing at different stages, from the inflow of infor-
mation to the movement made in response to task demands.

Strategies related to readiness, anticipation, emo-
tional control, concentration, recognition, selective
attention, the retrieval of related information, the
establishment of performance expectations, the processing
of information for later use, the planning and selecting
of a motor program for present use, the organization of
behaviors, the utilization of response-produced feedback,
and other processes, seem to be used more appropriately
and effectively in the higher-skilled as compared to

their lower-skilled counterparts. Strategies pertinent
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to the initiation and maintenance of processes needed

to be activated are, depending on the nature of the task,
apparently possessed to a greater degree by the morc highly
skilled. Hence, processing is usually fast and accurate. >

Processing can be automatic, as when cue and

response parameters are known in advance and reclatively
simple. Thus, the combinatorial strategy of anticipation, %
i
concentration, and motivation operates prior to the onset §
of the signal (cf. Klapp, 1978; Zelaznik, 1978). As :
activities become more complex and longer, more strategies
need to be activated. Combinations of feedback and program :
control may operate, requiring the use of relevant stra-
tegies for conscious or sub-conscious decision making and
cxecution. :
The purpose of this paper was to explore ways in ' :
which superior and inferior individuals differ in their
use of cognitive processes and strategies in motor skills :

in general. The emphasis was on self-initiated strategies.

Since beginners are trying to improve at what they are
doing, a knowledge of what goes on within the superior
performer can serve to identify and call attention to
the ideal operation of processes and strategies. This
is a first step. It should benefit learners and in-
structors alike. Instructors should encourage learncrs

to learn productive strategies so they can use them by
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themselves in the acquisition of skill.

However, much greater precision is needed to make
such knowledge more meaningful and applicable. Considera-
tions must be made for (a) type of task, and (b) the
cognitive style of the learner (individual difference
factors), and we have begun preliminary work in this arca
(Singer § Gerson, Note 2). Motor task classifications
schemes (e.g., Fitts, 1965; Gentile, Higgins, Miller, &
Rosen, 1975; Kriefeldt, 1972; Merrill, 1972) are helpful
in this regard. In ours, three dimensions have been
considered: dominant processing mechanisms that operate
prior to, during or after performance, availability of
fcedback during or after performance, and self-pacing vs.
externally-pacing. For example, a task in which the
input (sensory-perceptual) mechanisms are primarily active,
feedback is only present after the act is completed, and
an externally-paced act would suggest the involvement of a
particular set of processes, with the need for the im-
plementation of corresponding strategies. In other words,
tasks have to be classified in some meaningful manner in
order to d termine which strategies are most important
to consider as influential on pertinent processes.

Likewise, learner differences in preferred styles
of learning and responding need to be recognized (e.g.,

Snow, 1977). For instance, one may do well with imagery
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techniques, another with labeling, and another with a
kinesthetic awareness strategy to enhance the operations
that occur in STM and influence learning/performance.

More elaborate training programs are those in which there

is sensitivity in instructional approaches to learner

differences. f%
However, as was stated before, the intent in this ‘

paper was to identify information-processing differences

o

bctween people who differ only in respect to skill level,
and without concern for the type of motor task. This

more general orientation to the area should lead to the

development of more specific task-learner considerations,
with implications for training and learning. Strategies
should be taught to and used by beginners to help promote
learning, thereby decreasing trial and error experiences

and lengthy practice time.

TN e e e«

ot D

4

TR



A i L LA R A L |
.

30

REVERENCE NOTES

1. Singer, R. N., Gerson, R. F., § Ridsdale, S.
A conceptual orientation to the study of motor
bchavior. (Tech, Rep. TR-78-TH-9). Tallahassee,
Fla.: Florida State University, Motor Behavior

Resource Center, June, 1978.

[g%]

Singer, R. N., § Gerson, R. F. Cognitive processcs
and learner strategies in the acquisition of motor
skills. (Tech. Rep. TR-78-TH-10). Tallahassee,
Fla.: Florida State University, Motor Behavior
Resource Center, July, 1978,

3. Lansman, M. An attentional approach to individual
differcnces in immediate memory. (Tech. Rep. Final).
Seattle, Wash.: University of Washington, Dept.
of Psychology, June, 1978.

4. Housner, L. D., § Hoffman, S. J. Imgge(y and short-

term motor memory. Paper presented at the annual

meeting of the North American Society for the Psycho-
logy of Sport and Physical Activity, Tallahassee,
Fla., May 1978.

5. Gerson, R. F. Expectancy differences between males

and females in the performance of preselected and

! constrained movements. Manuscript submitted for

publication, 1978.




p—

37

REFERENCES

Adams, J. A. A closed-locp theory of motor learning.

Journal of Motor Behavior, 1971, 3, 111-150.

Adams, J. A, Issues for a closed-loop theory of motor

learning. In G. E. Stelmach (Ed.), Motor control:

Issues and trends. N, Y.: Academic Press, 1976.

Battig, W. F. Within-individual differences in "cognitive"

processes. In R. L. Solso (Ed.), Information processing

and cognition: The Loyola symposium. Hillsdalce,

N. J.: Erlbaum, 1975.

Belmont, J. M., & Butterfield, E. C. Learning strategies
as determinants of memory deficiencies. Cognitive
Psychology, 1971, 2, 411-420.

Bower, G. H. Cognitive psychology: An introduction. In

W. K. Estes (Bd.), Handbook of learning and cogni-

tive processes. Hillsdale, N. J.: Erlbaum, 1975.

Brown, A. L., Campione, J. C., § Murphy, M. D. Keeping
track of changing variables: Long-term retention
of a trained rehearsal strategy by retarded adoles-

cents. American Journal of Mental Deficiency, 1974,

78, 446-453.

Chi, M. T. H. Short-term memory limitations in children:
Capacity or processing deficits? Memory and Cognition,

1976, 4, 559-572,

Baarth

[SIERETS SRRt 1T LT R e RN SO treet)



38

Craik, I'. 1. M., & Lockhart, R. 8. Levels of processing:

A framcwork for memory research. Journal of Verbal

Learning and Verbal Behavior, 1972, 11, 671-684.

Craik, F. I. M., § Tulving, E. Depth of processing and

the retention of words in episodic memory. Journal

of Experimental Psychology: General, 1975, 104,

268-294.

S e

Dicwert, G. L., & Stelmach, G. E. Perceptual organization
in motor learning. In G. E. Stelmach (Ed.), Infor-

mation processing in motor control and learning.

N. Y.: Academic Press, 1978.
Fitts, P. M. Factors in complex skill training. In

R. Glaser (Ed.), Training research and education.

N. Y.: John Wiley § Sons, 1965.
Flavell, J. H., § Wellman, H. M, Metamemory. In R. V,

Kail § J. W. Hagen (Eds.), Perspectives on_ the

development of memory and cognition. Hillsdale,

N. J.: Erlbaum, 1977.
Gentile, A. M. A working model of skill acquisition with
application to teaching. Quest, 1972, 17, 3-23. 'E
Gentile, A. M., Higgins, J. R., Miller, E. A., & Rosen, S
B. M. The structure of motor tasks. Mouvement,

1975, l’- 11'2“'.

Tt i 21 o ot s

Gentile, A. M., § Nacson, J. Organizational processes

in motor control. In J. Keogh § R. S. Hutton (Eds.),




iy
¥
&

ks
¥
i

39

Exercise and sport sciences reviews (Vol. 4).

Santa Barbara, Ca.: Journal Publishing Affiliates,
1976.

Gerson, R. F. The influence of cognitive motivational

factors on the reproduction, learning, and performance

of preselected and constrained movements. Unpublished

doctoral dissertation, Florida State University, 1978.
Glencross, D. J. Control of skilled movements. Psycholo-

gical Bulletin, 1977, 84, 14-29.

Goldberg, R. A., Schwartz, S., § Stewart, M. Individual

differences in cognitive processes. Journal of

Educational Psychology, 1977, 69, 9-14.

Hunt, E. Mechanics of verbal ability. Psychological

Review, 1978, 85, 109-130.
Hunt, E., Frost, N., § Lunneborg, C. Individual differ-
ence in cognition: A new approach to intelligence.

In G. Bower (Ed.), The psychology of learning and

motivation (Vol. 7). N. Y.: Academic Press, 1973.
Hunt, E., § Lansman, M. Individual differences. 1In
W. K. Estes (Ed.), Handbook of learning and cognitive
processes. Hillsdale, N. J,: Erlbaum, 1975.
Hunt, E., Lunneborg, C., § Lewis, J. What does it mean

to be high verbal? Cognitive Psychology, 1975, 7,

194-227.

Kahneman, D. Attention and effort. Englewood Cliffs,

AR el

SRY]




J
3

PP

o i e S

TR AT T e v

R i e DT TR TR T . T eI awesoTi e s w s e esein

40

N. J.: Prentice-Hall, 1973,

e e i

Kcele, S. W. Movement control in skilled motor performancc.

Psychological Bulletin, 1968, 70, 387-403.

Kerr, B. Processing demands during mental operations.

Memory and Cognition, 1973, 1, 401-412.

Klapp, §. T. Reaction time analysis of programmed control.

In R. S. Hutton (Ed.), Excrcise and sport sciences

reviews (Vol. 5). Santa Barbara, Ca.: Journal
Publishing Affiliates, 1978,

Kriefeldt, I. G. A dynamic model of behavior in a discrete

open-loop self-paced motor skill. IEEE Transactions

on Systems, Man, and Cybernetics, 1972, 2, 262-273.

Lawther, J. D. The learning of physical skills. Englewood

Cliffs, N. J.: Prentice-Hall, 1977.

Love, L. T. Location and analysis of exceptional memory.

Unpublished master's thesis, University of Washington,
1973,

Marteniuk, R. G. Information processing in motor skills.

N. Y.: Holt, Rinehart § Winston, 1976.
Merrill, M. D. Taxonomies, classifications, and theory.

In R. N. Singer (Ed.), The psychomotor domain: Move-

ment behaviors. Philadelphia: Lea § Febiger, 1972.

Mondani, M. S., & Battig, W. F. Imaginal and verbal
mnemonics as related to paired-associate learning
and directionality of associations. Journal of

Verbal Learning and Verbal Behavior, 1973, 12, 401-408.

P TR ) g ) carch A aak b ot




e ST SARNEET

R T, I A ST W eI e me o e e

41

Moody, D. L. Imagery differences among women of varying
levels of experience, interest, and abilities in motor

skills. Research Quarterly, 1967, 38(3), 441-448.

Moore, J. J., § Massaro, D. W. Attention and processing
capacity in auditory recognition. Journal of

Experimental Psychology, 1973, 99, 49-54.

Neisser, U. Cognitive psychology. N. Y.: Applecton-

Century-Crofts, 1967,
Newell, K. M. Motor learning without knowledge of results
through the development of a response recognition mech-

anism. Journal of Motor Behavior, 1976, 8, 209-217.

Newell, K. M. Some issues on action plans. In G. E.

Stelmach (Ed.), Information processing in motor

control and learning. N. Y.: Academic Press, 1978.

Nideffer, R. M. The inner athlete: Mind plus musclc

for winning. N. Y.: Crowell, 1976.

Norman, D. A. Memory and attention. N. Y.: John Wiley

§ Sons, Inc., 1976.
Posner, M. I., § Keele, S. W. On the genesis of abstract

ideas. Journal of Experimental Psychology, 1968,

77, 353-363.

Ross, A. O. Psychological aspects of learning disabilitics

and reading disorders. N. Y.: McGraw-Hill, Inc., 1970.

Rubin, W, M. Applications of signal detection theory to

error detection in ballistic motor skills. .Journal

e PRI Kok o SO g o Yt S o

PPy

e Rt ad e £tk




42

of Experimental Psychology: Human Perception and

Performance, 1978, 4, 311-320.

Schmidt, R. A. Control processes in motor skills. In

J. Keogh § R. S. Hutton (Eds.), Exercise and sport

sciences reviews (Vol. 4). Santa Barbara, Ca.:

Journal Publishing Affiliates, 1976.
Schmidt, R. A., § McCabe, J. F. Motor program utilization

over extended practice. Journal of Human Movement

Studies, 1976, 2, 239-247,.
Schneider, W., § Shiffrin, R. M, Controlled and auto-
matic human information processing: I. Detecticn,

search, and attention. Psychological Review. 1977,

84, 1-66.

Shapiro, D. C. The learning of generalized mutor programs.

Unpublished doctoral dissertation, University of
Southern California, 1978.

Shiffrin, R. M., § Schneider, W. Contrulled an. automatic
human information processing: 1[1. Percecrtual
learning, automatic attending, and a general theory.

Psychological Review, 1977, 84, 127-190.

Singer, R. N. Motor learning and human performance

(2nd ed.). N. Y.: Macmillan, 197S5.
Singer, R. N. Motor skills and learning strategies.

In H. F. O'Neil, Jr. (Ed.), Learning strategies. N. Y.:

At

Academic Press, 1978.

AW =it & 50 A (e RS M A St = e S

e IR e ekt L ST ey e ey

SRS Y SNTIN o e € g e}



RS ST YT T

43

Singer, R. N., § Gerson, R. F. Strategies, cognitive
processes, and the acquisition of skill. In

H. F. O'Neil, Jr. (Ed.), Learning strategies II.

N. Y.: Academic Press, in press.

Singer, R. N., § McCaughan, L. R. Performance as a
function of attribution, expectancy, and achievement
motivation, induced by two feedback conditions

during learning of a novel motor task. Journal of

Motor Behavior, 1978, 10, 245-254.

Smith, J. L. Fusimotor loop properties and involvement
during voluntary movement. In J. Keogh § R. S.

Hutton (Bds.), Exercise and sport sciences reviews

(Vol. 4). Santa Barbara, Ca.: Journal Publishing
Affiliates, 1976.
Snow, R. E. Individual differences and instructional

theory. Educational Researcher, 1977, 6, 11-15.

Sperling, G. The information available in brief visual

presentations. Psychological Monographs, 1960, 74.

Stelmach, G. E. Retention of motor skills. In J. Keogh

(Ed.), Exercise and sport sciences reviews (Vol. 2).

N. Y.: Academic Press, 1974,

Sternberg, S. Memory-scanning: Mental processes re-
vealed by reaction-time experiments. American
Scientist, 1969, 57, 421-457.

Thatcher, R. W., § John, E. R, Foundations of cognitive

ﬁ&nm-x&n—mﬂ.ﬁj‘m; ek e




W TR TS

44

processes. Hillsdale, N. J.: Erlbaum, 1977.
Treisman, A. M. Strategies and models of selective

attention. Psychological Review, 1969, 76, 282-294.

Tulving, E., § Thomson, D. M. Encoding specificity and

retrieval processes in episodic memory. Psychological

Review, 1973, 80, 352-373.

Weiner, B. Achievement motivation and attribution theory.

Morristown, N. J.: General Learning Press, 1974.
Whiting, H. T. A. Overview of the skill learning process.

Research Quarterly, 1972, 43, 266-294.

Zelaznik, H., N. Precuing response factors in choice

reaction time: A word of caution. Journal of Motor

Behavior, 1978, 10, 77-79.
Zclaznik, H. N., Shapiro, D. C., § Newell, K. M. On the
structure of motor recognition memory. Journal of

Motor Behavior, 1978, 10, 313-323.

AR LAY LR tob At et ¢ Laniei e I b it | baliie

P ' R T P R R I T R N T TR LS D Lt ey




